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Abstract
Objectives: this pilot study correlated cardiovascular parameters such as atherosclerosis 
and arterial stiffness in patients with aged-related dementia and sought to identify 
hemodynamic differences that can help in differential diagnosis. Method: a longitudinal 
prospective study was performed of 46 patients aged 60 to 80 years in the city of Belo 
Horizonte, Minas Gerais, Brazil. The patients were classified into three groups: those with 
Alzheimer’s disease (AD), vascular dementia (VD) or mild cognitive impairment (MCI). 
The groups were classified by clinical examination and CT or magnetic resonance imaging 
tests of the encephalon. The arterial stiffness and other hemodynamic parameters of the 
patients were measured using the Mobil-O-Graph device and carotid artery ultrasound 
scanning. Data analysis was performed by descriptive statistics, multinomial logistic 
regression and analysis of variance. Results: 18 patients (39.1%) had MCI, 18 (39.1%) AD 
and 10 (21.8%) VD. Image exams revealed greater obstructive microangiopathy in the 
AD group than the MCI group ( p<0.05), which in turn exhibited greater normality in 
such tests than the AD group (p<0.05). There were no significant differences among 
the groups for the hemodynamic variables. The carotid artery ultrasound examinations 
identified a greater degree of normality in the MCI group than the AD group ( p<0.05). 
Conclusion: the results do not support the idea of using noninvasive hemodynamic 
evaluation methods as additional exams in the differential diagnosis of these pathologies.
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INTRODUC TION 

The increased risk of cognitive decline that comes 
with aging constitutes a public health problem due to 
its strong association with disability and morbidity 
and mortality. The prevalence of dementia increases 
with age, affecting about 7% of individuals aged over 
65 years and 30% of those over 801.

The role of the vascular component in cognitive 
decl ine has been increasingly invest igated. 
Several studies have shown that individuals with 
cardiovascular risk factors and vascular disorders 
have an increased chance of developing cognitive 
disorders, including not only vascular dementia (VD), 
but also Alzheimer's disease (AD)2-4. In a recent 
study, cardiovascular risk factors and risk factors for 
strokes demonstrated a significant predictive value 
in cognitive decline in 10 years 5.

VD and AD are two main types of irreversible 
dementias and represent respectively 60% and 20% 
of all conditions. Dementias are also represented, to 
a lesser extent, by Parkinson's disease, frontotemporal 
dementia and Lewy body dementia. When the clinical 
manifestations include characteristics of AD and 
VD, it is known as mixed dementia6,7.

Literature on the subject reveals that the 
etiopathogenesis of dementias is defined by multiple 
factors involving genetic and metabolic causes 
and the aging of the brain itself. Some studies 
have shown that vascular disease worsens with 
advancing age and that there may be a relationship 
between vascular pathologies and increased risk of 
denentias2,4. Vascular disorders in AD and altered 
blood flow in the brain suggest that dementia may 
be a vascular disorder with neurodegenerative 
consequences8.

Better knowledge about the vascular alterations 
present in individuals with AD and VD can help to 
provide earlier diagnosis and change the perspectives 
of cognitive decline.

We therefore sought to establish a relationship 
between the results of central nervous system images, 
ultrasound examinations of the carotid arteries 
and measurement of pulse wave velocities in the 
peripheral arteries in individuals with dementia 
related to age and to verify if the same can be used 
in the differential diagnosis of AD and VD or mild 
cognitive impairment (MCI), in the city of Belo 
Horizonte, in the state of Minas Gerais, Brazil.

METHODS

A prospective and longitudinal pilot study was 
performed of elderly people of both genders, aged 
60 to 80 years, with complaints of cognitive decline, 
who received care from a private practice in the city 
of Belo Horizonte, Minas Gerais, Brazil, between 
April 2015 and May 2016. The sample consisted 
of 46 individuals and was based on convenience 
by recruiting patients who sought the clinic with 
complaints of cognitive decline and who met the 
inclusion criteria during the study period. 

The patients were classified into three groups 
based on clinical tests and images used routinely in 
the diagnosis of age related dementia (AD, VD and 
MCI). Once the groups were classified, we performed 
noninvasive assessments of the vascular condition of 
these patients and searched for differences between 
these parameters in the different groups to verify if 
these parameters could serve as a diagnostic tool to 
help identify the different dementias related to age. 
The subjects admitted to the study underwent clinical 
evaluation and neuroimaging laboratory tests such as 
computed tomography (CT) or magnetic resonance 
imaging (MRI) of the brain and the application of 
biochemical tests (Chart 1), with the objective of 
detecting disorders associated with the subject of the 
study and to exclude conditions or diseases related 
to profiles that may be characterized as non-MCI, 
VD or AD cognitive disorders, such as depressive 
disorders, neurological diseases, dementias related 
to Parkinson's disease, Lewy bodies, frontal lobe, 
mixed, metabolic or infectious causes.
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The subjects selected for the survey underwent 
the following clinical tests for classif ication 
purposes: Geriatric Depression Scale (GDS-15)9; 
Mini Mental State Exam10; Clock Drawing Test11; 
Image recognition test12; Language test (animals 
and fruit)13; Clinical Dementia Rating (CDR)14; 
Evaluation of Activities of Daily Living and 
Instrumental Activities of Daily Living.

The examinations and tests used to classify the 
patients into the different groups are part of the 
overall geriatric assessment of people who present 
memory disorders or other cognitive alterations 
and therefore did not entail additional costs for the 
participants. The patients fasted for 10 to 12 hours 
prior to the biochemical exams and no previous 
preparation was necessary for the clinical imaging 
and evaluation exams by cognitive tests.

Elderly patients with cognitive disorders without 
impairment of activities of daily living (ADLs) and 
instrumental activities of daily living (IADLs) and 
who had scores within normal values adjusted for level 
of schooling according to the methodology proposed 
by Pfeffer15 were defined as having MCI. Mild to 

moderate dementia was defined when the tests showed 
disorders in the cognitive tests and impairment for 
ADLs and IADLs. Mild dementia was when there 
was impairment of an ADL or IADL and moderate 
impairment of more than one ADL or IADL15. 

After screening, study participants were organized 
into three groups. The description of each study 
group is given in Chart 2.

All patients underwent brain imaging (CT or 
MRI) with the purpose of evidencing cortex or 
vascular lesions that could aid in the diagnosis and 
classification of the groups. If the imaging tests 
indicated an uncertain classification the subject was 
excluded from the study. It should be emphasized 
that both CT and MRI scans can be used as a tool 
to diagnose different types of dementia related to 
age7. Some patients involved in the study had been 
referred by other physicians or had the results of 
a previous MRI or CT exam with them. In such 
cases the existing examinations were used so the 
patients did not have to undergo the exam again. 
If the patient had not undergone an imaging test a 
CT was requested.

Chart 1. Biochemical tests and imaging exams used in the clinical evaluation of patients. Belo Horizonte, 2016.

Biochemical Tests
Hemoglobin, glucose, total cholesterol and fractions, triglycerides, thyroid stimulating 
hormone, sodium, potassium, urea, creatinine, ionic calcium, transaminases, vitamin B12, 
folic acid and VDRL

Imaging Exams Nuclear magnetic resonance of the encephalon or computed tomography of the encephalon.

Ultrasound examination 
of the carotid arteries

Duplex scan of the carotid arteries

VDRL: Venereal Disease Research Laboratory (test for diagnosis of syphilis).

Chart 2. Description of three groups of patients. Belo Horizonte, MG, 2016.

Control Group 
Mild cognitive impairment

AD Group 
Alzheimer’s Disease

VD Group
Vascular Dementia

Individuals aged between 60 and 80.
Mild cognitive impairment with no 
evidence of dementias.

Individuals aged between 60 and 80.
Alzheimer's Disease, with mild to 
moderate cognitive impairment, 
and no neurological impairment 
that prevented the individual from 
undergoing cognitive tests and 
laboratory evaluations.

Individuals aged between 60 and 80.
Vascular Dementia, with mild to 
moderate cognitive deficits, and 
no neurological impairment that 
prevented the individual from 
undergoing cognitive tests and 
laboratory evaluations.
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After being classified in one of the three groups 
all the patients were submitted to an ultrasound scan 
by carotid artery duplex scan to assess the degree of 
impairment of these vessels. Duplex Scan or vascular 
ultrasound consists of the use of a multi-frequential 
linear transducer placed in the territory of the vessel 
to be studied (carotid and vertebral arteries), in the 
anterolateral region of the neck. A gel is applied 
to the base of the device that forms a column that 
facilitates the propagation of the ultrasound for 
the study of the vessels. The examination provides 
information on the anatomical-functional nature of 
the arteries, which allows the evaluation of intima-
media thickness, atherosclerotic impairment, and 
the presence of plaques and obstructive processes 
that may compromise blood flow. No preparation 
is required for the exam. The inherent risks of the 
procedure are minimal, and are associated with 
the amount of time the patient spends in the 
decubitus position, which may result in dizziness 
when rising. This passes after a few minutes in the 
supine position, however. 

Measurement of arterial stiffness in the brachial 
artery was performed automatically using the 
Mobil-O-Graph noninvasive equipment, by means 
of oscillometric measurements in the upper limb. 
This equipment uses a classic MAPA device for 
measuring long-term blood pressure and offers the 
option of calculating arterial stiffness through Pulse 
Wave Analysis (PWA). The device involves placing 
a sensor-coupled cuff on the right upper limb of the 
patient, after measurement of the perimeter of the 
limb and choice of the appropriate cuff. No previous 
patient preparation is necessary and the examination 
takes about eight minutes.  

The Mobil-O-Graph device used to obtain the 
hemodynamic data can provide a series of useful 
results in the evaluation of the vascular condition 
of patients17. Using a specific software program 
(HMS Client-Server data management software) 
the equipment correlates the measurements of BP 
and PWA with data provided, such as weight, height, 
age, and performs several mathematical calculations 
involving algorithms that provide indicators of the 
vascular condition of the individual. The present 
study mainly used the PWA results, which has been 
recommended as an indicator of arterial stiffness in 
several studies, and has been used as an auxiliary 

tool to diagnose conditions related to vascular 
pathologies17,18. In addition to the hemodynamic 
indicators, the software coupled to the device also 
provides body mass index (BMI) and body surface 
area data, which were also used in this study. All the 
data presented in Table 3 were obtained from the 
report prepared for each patient issued by the HMS 
Client-Server data management software.

The Mobil-O-Graph measurements are rated by 
the instrument into signal strength levels ranging 
from 1 (best signal level) to 5 (worst signal level). 
For each patient, three measures were considered, 
all which had level 1, 2 or 3 signal strength levels. 
The level 4 and 5 measurements were discarded as 
recommended by the validation study17.

The results of all the variables determined by 
the Mobil-O-Graph were organized and the three 
groups of individuals were compared.

All the examiners in the present study underwent 
training to calibrate the results. The clinical 
evaluation of the patients was carried out by a 
geriatrician, the measurements of the hemodynamic 
parameters were taken by two students of the 
medicine course accompanied by a cardiologist, 
and the imaging examinations were performed by 
a specialist in this area. 

The inclusion criteria of the study were patients 
aged 60 to 80 years diagnosed as having AD or VD 
or MCI according to the clinical and imaging tests 
cited throughout the methodology of this study. 
The exclusion criteria included patients who did not 
undergo all the clinical or imaging or biochemical 
examinations essential for group classification 
studied, those aged over 70 without a companion, 
and patients with uncertain classifications or mixed 
dementias.

The qualitative variables were presented as 
absolute and relative frequencies and the quantitative 
data as mean ± SD. The quantitative variables were 
submitted to the Shapiro-Wilk normality test. The 
association between categorical variables was assessed 
through multinomial logistic regression. Single factor 
variance was used for the comparison of the means 
of the three groups. The analyzes were developed in 
software R version 3.2.2 and a level of significance 
of 5% was applied.
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The elderly with mild cognitive impairment 
and those under the age of 70 signed a Free and 
Informed Consent Form (FICF) after clarification of 
any questions about the study. Patients with moderate 
dementia or aged over 70, regardless of the degree 
of cognitive impairment, had the FICF signed by 
their accompanying legal guardian.

The present study was submitted to the Minas 
Gerais Medical Science Research Ethics Committee 
(CAAE: 36417014.4.0000.5134) and approved 
(approval number: 875.058).

RESULTS

The sample of the present study consisted of 46 
individuals of whom 25 were women and 21 were 
men. Of the subjects participating in the study, 18 
(39.1%) belonged to the MCI group, 18 (39.1%) to 
the AD group and 10 (21.8%) to the VD group. 
The mean age, BMI and body surface area of the 
participants were 74.07±5.03 years, 26.06±4.46 kg/
m2 and 1.73±0.19 m2, respectively.

There was a higher proportion of individuals 
with normal echographic findings in the MCI group 
(44%) than in the AD group (6%, p-value 0.025). 
We did not find a direct association between large 
lesions of the carotid arteries and dementia. There 
was a greater predominance of atheromatosis in the 
carotid artery in AD (72%) and VD (80%) patients 
than in individuals with MCI (38%). These data 
were not statistically significant for the sample of 
the present study, however. (Table 1).

A higher proportion of individuals with normal 
brain imaging findings was found in the MCI group 
(44%) than in the AD group (0%, p-value 0.020). 
Obstructive microangiopathy was more prevalent 
in the AD group (72%) than the MCI group (17%, 
p-value 0.008) (Table 2).

No significant differences were found in the 
cardiovascular indicators of arterial stiffness 
measured in the brachial artery by the indirect PWA 
method for any of the variables studied, as can be 
seen in Table 3.

Table 1. Ultrasound findings assessed by duplex carotid artery scan with numerical and percentage representation 
for each group. Belo Horizonte, Minas Gerais, 2016. 

Groups
Ultrasound findings MCI

n (%)
AD
n (%)

VD
n (%)

Total
n (%)

Normal 8 (44)* 1 (06)* 0 (00) 9 (19)
Stenosis lower than 60% 1 (06) 1 (06) 2 (20) 4 (09)
Atheromatosis 7 (38) 13 (72) 8 (80) 28 (61)
Increase in intima-media thickness 2 (12) 3 (16) 0 (00) 5 (11)
Total 18 (100) 18 (100) 10 (100) 46 (100)

MCI: mild cognitive impairment; AD: Alzheimer’s disease; VD: vascular dementia; *Significant differences between pairs ( p<0.05) evaluated 
through multinomial logistic regression.



Vascular alterations in age-related dementia

675

Table 3. Comparison of data obtained for groups studied from Software HMS Client-Server data management 
reports. Belo Horizonte, MG, 2016. 

Variables MCI
Mean ± sd

AD
Mean ± sd

VD
Mean ± sd p-valor

Age (years) 72.89 ± 4.57 75.83 ± 4.45 72.89 ± 6.39 0.158
BMI (kg/m2) 26.17 ± 3.61 26.46 ± 5.44 25.12 ± 4.19 0.749

Body surface (m2) 1.76 ± 0.21 1.71 ± 0.18 1.72 ± 0.13 0.708
Peripheral systole (mmHg) 125.84 ± 18.31 127.74 ± 20.99 132.84 ± 16.69 0.649
Peripheral diastole (mmHg) 77.19 ± 10.05 74.10 ± 14.25 79.66 ± 15.33 0.540
Mean blood pressure (mmHg) 99.49 ± 13.21 98.67 ± 16.44 103.96 ± 14.75 0.650
Pulse pressure (mmHg) 48.71 ± 11.88 53.64 ± 12.75 53.17 ± 12.44 0.446
Heart rate (bps) 76.48 ± 12.11 71.38 ± 10.21 67.57 ± 9.91 0.112
Central systole (mmHg) 114.82 ± 16.90 115.71 ± 18.91 118.67 ± 16.43  0.855

Central diastole (mmHg) 78.06 ± 10.91 75.4 ± 14.38 82.09 ± 15.28 0.451

Central pulse pressure (mmHg) 36.39 ± 9.90 40.13 ± 9.62 36.58 ± 5.76 0.414

Pulse Width Amplification 1.38 ± 0.17 1.34 ± 0.09 1.46 ± 0.24 0.180

Systolic volume (ml) 71.32 ± 14.24 67.91 ± 11.09 74.29 ± 11.01 0.416

Cardiac output (l/min) 5.29 ± 0.73 4.76 ± 0.60 5.23 ± 0.79 0.065

Total vascular resistance (mmHg/ml) 1.14 ± 0.12 1.26 ± 0.27 1.24 ± 0.29 0.262

Cardiac output 3.03 ± 0.43 2.86 ± 0.58 3.07 ± 0.51 0.485

Pressure augmentation (mmHg) 7.44 ± 3.06 12.30 ± 8.10 9.33 ± 5.47 0.061
Reflection coefficient (%) 68.64 ± 9.81 68.29 ± 9.01 61.68 ± 9.47 0.143
Augmentation index (L/min/m2) 19.99 ± 9.59 25.09 ± 9.82 20.57 ± 9.28 0.251
Pulse wave velocity (m/s) 10.48 ± 1.13 11.14 ± 1.18 10.83 ± 1.34 0.258

MCI: mild cognitive impairment; AD: Alzheimer’s disease; VD: vascular dementia; BMI: body mass index; Comparison between groups in 
relation to the measurements (mean ± sd). P-values refer to single-factor analysis of variance.

Table 2. Imaging findings from computed tomography of the encephalon or magnetic  resonance of the encephalon.  
Belo Horizonte, Minas Gerais, 2016.

Encephalon image finding
Groups                                                

MCI AD VD Total
n(%)              n(%)           n (%)            n (%)              

Normal                                                         8 (44)*                0 (00)*           0 (00)              8 (17)       
Age-compatible atrophy                    7 (39)                 2 (11)            0 (00)              9 (20)
Obstructive microangiopathy                            3 (17)*              13 (72)*       0 (00)             16 (35)
Atrophy in the hippocampus                            0 (00)                2 (11)            0 (00)               2 (04)
Lacunar infarcts                                           0 (00)                0 (00)             7 (70)             7 (15)
Ischemic injuries                                          0 (00)                1 (06)            3 (30)              4 (09)
Total                                                             18 (100)             18 (100)       10 (100)        46 (100 )

MCI: mild cognitive impairment; AD: Alzheimer’s disease; VD: vascular dementia; *Significant differences between pairs (p<0.05) evaluated 
through multinomial logistic regression.
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DISCUSSION

Since 1955, dementias related to aging have 
been classified into two types: VD, caused by focal 
atrophic ischemic lesions, and AD, caused by cortical 
neurodegenerative process19. Differentiation between 
the two types of dementias is often difficult and 
involves a number of clinical tests and imaging 
exams. Identifying the type of dementia is extremely 
important as treatment depends on the correct 
diagnosis7,19.

Based on imaging and cognitive tests, the 46 
patients evaluated in this study were classified into 
three groups (AD, VD and MCI). As recorded in 
Table 3, the sample was largely homogeneous and 
there was no statistical difference in the BMI, ages 
or body surface areas of the three groups evaluated. 

In the present study, ultrasonographic findings 
assessed by carotid artery duplex scanning (Table 
1) were not directly associated with large lesions 
of the carotid arteries and dementia. Some works 
in literature have stated that stenosis of the large 
cranial vessels and atherosclerosis are risk factors 
for the development of dementia20,21. The Barcelona-
Asia study (2013) involving 714 Caucasian subjects 
failed to find an independent association between 
stenosis of the large intracranial vessels and a decline 
in cognitive performance22, which corroborates the 
findings of the present study  and also the results 
obtained by Suemoto et al.20 which failed to correlate 
an increase in intima-media thickness with a higher 
prevalence of cognitive decline. However, some 
studies still suggest that such damage may be 
an indicator of the evolution of these profiles to 
cognitive decline23, 24. 

The neuroimaging examinations (Table 2) were 
used to exclude expansive lesions such as subdural 
hematomas, hydrocephalus, tumors, granulomas 
or other images that might be associated with 
non-dementia profiles. DA. Wiederkehr et al.25 
demonstrated that no neuropathological marker 
exists that can be widely used for the diagnosis of 
VD. In this study, the findings of lacunar infarcts and 
well-defined ischemic lesions, when combined with 
clinical evaluation, cognitive decline and Hakinski 
scale scores greater than 4, were classified as VD25,26.

It was noted that there was a predominance 
of obstructive microangiopathy in the AD group 
(Table 2). This finding reinforces the theory that 
vascular pathogenesis is more present in the small 
vessels in neurodegenerative disorders associated 
with cognitive deficits classified as AD27, 28.

The sample of the present study was similar to 
that of other works in literature that evaluated similar 
parameters in the same population29. However, the 
present study was not able to identify any significant 
differences in the hemodynamic parameters between 
the different groups evaluated, unlike the study by 
Dhoat et al.29, which showed, for example, a much 
higher pulse pressure and augmentation rate among 
patients with VD than in individuals with AD and 
controls. However, as observed in the present study, 
Dhoat et al.29 did not find differences in PWA among 
the different groups. Three similar studies found 
higher PWA values in VD patients than in AD 
groups18,30,31. Scuteri et al., meanwhile, using a larger 
sample (41 patients with VD, 24 with AD and 19 
controls) found a small difference in PWA between 
the VD and AD groups, with the PWA value higher 
among patients with VD. This differs to the findings 
of other studies, which identified higher PWA values 
for patients with AD than those with VD18, 30,31.

Studies that have found an increase in PWA among 
VD patients in comparison to AD patients mostly 
propose the use of this parameter as a diagnostic 
aid for the differentiation between the two types 
of dementia18,30,31. PWA measurement can now be 
easily obtained using simple equipment in a non-
invasive manner and at a relatively low cost. These 
new devices allow the correlation of PWA with other 
parameters such as BP and heart rate, making it 
possible to calculate other variables that may be useful 
in the prediction of cardiovascular comorbidities17,32. 
Some studies have shown that both VD and AD are 
strongly associated with cardiovascular risk factors 
such as hypertension, diabetes and dyslipidemia3,4,33. 
Parameters such as PWA may also be highly influenced 
by miscellaneous medicinal products such as the 
antihypertensive vasodilator agents frequently used 
by elderly people with cognitive impairment34,35. Thus, 
the use of parameters such as PWA in the differential 
diagnosis of AD and VD still requires further 
evaluation. The present study further strengthens 
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this idea, as significant differences in noninvasive 
hemodynamic parameters were not found among 
patients with VD and AD.

The present study is considered a pilot study and 
has limitations such as the relatively small number 
of elderly participants. These parameters can be 
further studied, in works with larger samples and 
involving several health services.

CONCLUSION

The hemodynamic parameters evaluated in this 
work by noninvasive methods such as pulse wave 
velocity, central pulse pressure, mean arterial pressure 

and other measurements related to arterial stiffness 
did not differ among individuals with vascular 
dementia, Alzheimer's dementia or mild cognitive 
impairment. The results obtained do not support 
the possibility that these methods can be used in the 
differential diagnosis of the two pathologies. Studies 
involving a greater number of research subjects 
and the involvement of several health services are 
necessary to confirm these observations. 
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